Breaking the silence: functional expression of the two-pore-domain potassium channel THIK-2.
THIK-2 belongs to the 'silent' channels of the two-pore-domain potassium channel family. It is highly expressed in many nuclei of the brain but has so far resisted all attempts at functional expression. THIK-2 has a highly conserved 19-amino-acid region in its N terminus (residues 6-24 in the rat orthologue) that is missing in the closely related channel THIK-1. After deletion of this region (THIK-2(Δ6-24) mutant), functional expression of the channel was observed in Xenopus oocytes and in mammalian cell lines. The resulting potassium current showed outward rectification under physiological conditions and slight inward rectification with symmetrical high-K(+) solutions and could be inhibited by application of halothane or quinidine. Another THIK-2 mutant, in which the putative retention/retrieval signal RRR at positions 14-16 was replaced by AAA, produced a similar potassium current. Both mutants showed a distinct localisation to the surface membrane when tagged with green fluorescent protein and expressed in a mammalian cell line, whereas wild-type THIK-2 was mainly localised to the endoplasmic reticulum. These findings suggest that deletion of the retention/retrieval signal RRR enabled transport of THIK-2 channels to the surface membrane. Combining the mutation THIK-2(Δ6-24) with a mutation in the pore cavity (rat THIK-2(I158G)) gave rise to a 12-fold increase in current amplitude, most likely due to an increase in open probability. In conclusion, the characteristics of THIK-2 channels can be analysed in heterologous expression systems by using trafficking and/or gating mutants. The possible mechanisms that enable THIK-2 expression at the surface membrane in vivo remain to be determined.